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Results of an   exp lo ra toky   f r ee - f l i gh t   i~es t iga t ion  of two drag 
reseaxch models equipped-with  canopies are presented  for a Mach number 
range of 0.8 t o  1.5'. - The  two models differed mainly i n  that one had the 

and the other had an  identical  canopy located a t  the  25-percent Azaelage 
s ta t ion.  The canopies were semibodies of revolut ion  dis tor ted  to  f i t  the  
contours of the.fuselage.  The.ratio of  frontal  axeas of the  'canopy t o  

' leading edge of  i t s  -nom located a t  the  15-percent  fuselage  station I 

I the  fuselage was approxlmately 1: 10. 

The  @ddi€ional  drag due t o  the canopies amounted t o  about 10 t o  
L 20 percent of  the  total.  configuration  drag a t  supersonk  speeds. At 

Supersonic  speeds  the more favorable  loca+ion  of.the canopy was at the  
rearward  station,  although at  transonic  speeds'the  forward  location was 
the  more favorable. 

INTRODUCTION 
I 

The Nat iona l  Advisory Committee for  Aeronautics is  at present con- 
duct ing  tes ts  to. determine the drag of practical   fuselage shapes a t  , 

. transonic and supersonLC speeds. ' One phaae of this program, pertaining 
to  the  effects  of nose bluntness OR t he   t o t a l  drag of a body, was presented. 
i n  reference 1. I n  the present paper the  drag results of a canopy a t  
two body locations are presented. The canopies for  both  configurations 

their   leading edges were at  the  17- and 25-percent  fuselage  statione on ' :  

a-body of revolution having a parabolic-arc  profile. The ratio of f ronta l  I 

' were developed from bodies of revolution and were located  such tpat 

. - areas of the canopy to  the.  fuselage was approxlmately 1: 10. 
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The t e s t s  were conducted at the  Pi lot less  A i r c r a f t  Research Stat ion 
at Wallops Island, Va., by  means of rocket-propelled models. The t e s t s  
covered a Mach numberrange from 0.8 t o  1.5 which-corresponds to  a 
Reynolds number range-.Trm- 22,000,UOO ti3 55,oOO,OOO based upon the 
fuselage  length.. 

MODELS AND TESTS 

The general arrangement-of the two test models used i n  t h i s  imresti- 
gation i s  shown in   f igure  1. and phot.ographs of , , the  models .ve shown as 
figure 2. 

.. - 
-. 
" 

,." 

The fuselage  for.both  configurations was a p-abolic boQ of  revo- 
lu t ion  having a f ineness   ra t io  of 8.91. The coardinatea of  the  fuselage 
are  shown i n  table I. The canopies  for-both  configurations were derived 
from a parabolic body of revolution.identica1  to  configuration 9 o f  
reference 2, except  for  an  extension of the  cut-offbase (of  the reference 
configuration)  to a point  and,.a_reductLon i n  scale by a factor of 0.46. 
The resul t ing body had a-f ineness   ra t io  of 7.8 with maximum diameter 
located at i t a  l.5.5-percent  station. The  body was then   sp l i t  along i ts  
longitudinal axis t o  form a semibody  and bent so that the  axis of the 
semibody coincided  with  the  contour of the  fuselage. The cross  sectione 
of the bent semibody  were then  sheazed t o  conform with  the  circular  croee 
sections of the fuselage body. This development of  the canopy i s  shown 
graphically  in figure 3, and the  coordinates of the  canopies  before and 
af te r   d i s tor t ion   a re   p resented   in  table 11. The frontal   area of the 
canopy was  approximately 10 .percent of the  frontal   area of the  fuselage 
body. A n  identical  body-without a canopy was flown i n  order to!determine 
the  incremental  drag produced  by the  addition of the  canopies. 

The models were propelled by a two-stage 'system u t i l i z ing  8 3.25-inch 
Mk.7 rocket fo r  a sustainer and a 5-inch HVAR motor as a booster.  Test 
data were obtained .and  reduced  .by  the methods described in reference 3 .  
The velocity was obtained from the CW Doppler veJocimeter, and the trs- 
fectory and atmospheric data from an NACA modified SCR384 radar tracking 
uni t  combined with  radiosonde  observations. The drag  coefficients 
obtained  are baaed on the  frontal   area of the  basic  fuselage (0.307 sq ft) 
and include f i n  and interference  drag. The estimated  errors  in  the  values 
of drag  coefficient  are wi th in  k0.01 a t  a Mach nuaber of:1.00 and W.005 
a t  a Mach  number of 1.4. The  es3imELted e r r m a  i n  Mach  number are  within 
f O . O 1 .  . " . .. - 

. " .. 

b 

I n  f igure 4 the average Reynolds nuniber R for  the configurations 
tes ted based on a body length of 5.57 f e e t  i s  plotted  against  Mach 
number M. 



RESULTS 

3 

Total-drag  coe'fficients % of the two canopy-fuselage  configu- 
ra t ions  tes ted  are   plot ted  against  Mach  number M and presented in 
figure 5 along with  the  drag c w e  of  a configuration  having no canopy. 

A t  the  lowest Mach numbers investigated there were no measurable 
differences  in  the drag of the -configurations tested. I n  the Mach  number 
range from about  0.95 to  1.12 the tes t  data  indicated that the drag of the  
forward  located canopy configuration was less   than that of the rearward 
located canopy and WRB even less than the d r a g .  of the basic body through 
part of t h i s  Mach  number range.  Although no positive  explanation  can be 
advanced t o  account for  the re'auction of drag due t o  adding  the  fore 
campy t o  the  basic body, this e f f ec t  is, however, i n  agreement with 
that noted i n  reference 4. Above E4 = 1.05, both  canopies  caused a 10- 
t o  20-percent  increase i n  drag; however, the r e m d  s t a t ion  tended t o  
be the more favorable  location a t  the  higher Mach nuribera. 

Also shown i n   f i gu re  5 is  an estimatep d r a g  curve obtained frm the 
summation of the  experimental drag of the fuselage and the  drag of an 
isolated canopy for  free-stream  condftions; the isolated canopy drag Was 
assumed equal t o  one-half of the experimental drag of  the scaled-down 
original  body (reference 2) f r a n  which the  canopy was developed. The 
estimated curve has been  inclmed t o  provide a comparison  between an 
engineering  approximation of the drag of a fuselage-canopy  configuration 
and measured values. 

, 

An exploratory rocket"powered flight investigation of two drag 
research models equipped with canopies has been  conducted i n  the Mach 
nunher range from 0.8 t o  1.5. The' modele differed mainly i n  canopy 
locations, one canopy's  leading edge being  located at the 15-percent 
fuselage  station and the o t h e r . a t  the 25ipercent  fuselage  station. The 
canopies were semibodies of revolution  distorted t o  f i t   t h e  contours , 

of the fuselage. The r a t i o  of frontal   areas of  the  canopy to   the  fuselage 
was approxinrately I: 10. 

. .  

- 
The addi t iona l  drag due t o  the  canopies amounted t o  about 10 t o  

20 percent of the  total  configuration  drag  at-supersonic  speeds. The 

I 
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rearward  canopy  location  configuration had the Lesser d r a g  at  supersonic 
speeds;  however,  at  transonic  speeds  the  forward  located  canopy  configu- 
ration  had  the  lesser  drag. 

Langley  Aeronautical  Laboratory 
National  Advisory  Committee f o r  Aeronautics s 

Langley  Field, Va. 
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Figure 1.- General arrarigement of vehicle showing canopy locations. 
A l l  dimensions are in inches. 
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(b) 25-percent-canopy location. 

Figure 2.- Concluded. 
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istorted c e o p g  

" 

1 5  or 25-percent station 

Step 1. (Bending ' o f  canopy) : Undistorted semibody (canopy) is bent so 1 

that  the ax is  of  the canopy coincides w i t h  the  surface of the fuselage 
and such that  the radii r remain perpendicular t o  the a e s  of the 
distorted canopy. 

I 

Section A-A 

Step 2. . (Shearing of -cross  sections) : Cross sectfons of bent canopy are 
assumed t o  be circular in a  plane  perpendicular t o  the fhselage  center 
line and are "sheared" as s h m  t o  conform t o  the  curvature of the 
fuselage. 

Figure 3.- Explanation of method  of mounting canopy on body.  See table I1 
f o r  "bent" and undistorted canopy coordinates. 
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Figure 5.- Total drag coefficients  plotted  against Mach number for the 
canopy configurations, and a configuration wlth no canopy. Also 
plotted are the  calculated combined drag coeffjcients of the' fuselage 
body plus an assumed isolated canopy. D r a g  coeflicients am base& on 
frontal. area of the fuselae o f  0.307 square foot. 
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